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Descilpti n 

This invention relates to a novel lithium-manganese oxide material, a process for preparing the oxide material, and 
use of the oxide material. 

5 Manganese oxides have been used for a long time as active materials in cells. Recentty. lithium-fnanganese dout)le 
oxides which are composite sutjstances comprising lithium and manganese are attracting a good deal of attention as 
active material for lithium secondary batteries. ^ 

The nthium secondary batteries are a dass of new secondary batteries which are highly expected to be practically 
utilized as high output, high energy density batteries. | 

70 As an active material for the positive electrode in a lithium secondary battery, rt is reqtired that the active material 
shows a high voltage working range, a high discharge capacity and a high cyde stability of charge and discharge. Var- 
ious litfiium-containing double oxides, for example, those conrprising U with Ca Ni. hAn, etc., have been investigated as 
possible choices for such an active material. 

It is kncwn that lJMn204. which e one of the Hthium-manganese dout)le oxides and has a spinel type structure, cfis- 

15 charges in two stages, the first discharge stage being at a level of around 4 volts and the second stage being at a level 
of around 3 volts. If this double oxide material Is operable in rever8it)le discharge-charge cycles within the vwortdng range 
of around 4 votts, it may be expected to obtain high energy therefrom Thus it has been thought that the above-men- 
tioned double oxide material could be promising as an u;tive material for a positive etectroda 

Spinel type lithium-manganese oxides including the above-mentioned IJMn204 have been studied with respect to 

so their magnetic properties and have been known for a long time. For example, D. a Wickham and W. J. Croft reported 
part of their study of the magnetic properties of Mn-epinel type structure materials and taught a ntefthod for preparing 
such spinel materials by thermally treating at 800-900^0 a mixture of lithium cart>onate with a mar^ganese oxide having 
an Li/Mn molar ratio adjusted accurately to 0.5; see J. Phys. Chem. Solids Z 351 (1958). Further in the literature 
(Blasse, G. (1958) Philips Res. Bpts. Chem. Solids, 7, 351). the magnetic properties of UMn204 and other materials of 

25 spinel type structure such as U4Mn50t2 are reported and their existerice is confirmed. 

Accordingly, UMn204 and the like have been known materials for a tong period of time as cfiscussed atxive. How- 
ever, only in recent years, it has been intended to apply them as active materials for positive electrodes of litfiium sec- 
ondary batteries. 

For example, Japanese Patent Application Laid Op^ (KOKAQ No. 88-114065 descrbes an organic electrolyto 
30 secondary cell corrprising a litNunvcontaining anode, a cathode consisting essentially of LJMn04 arx) an organic elec- 
trolyte. 

Japanese Patent Application Laid Open (KOKAQ No. 88-187569 teaches a non-aqueous secondary cell which 
conrprises a negative electrode comprising lithium or a lithium aik>y as an active material, and a positive electrode com- 
prising, as active material, spinel type UMn204, X-manganese dioxide or a manganese oxide or oxides having a crystal 
35 stnicture between tiiose of tfie atxsve-mentioned two compounds materials. 

As mettiods for preparing lithium-manganese double ooddes, in particular \JtAn2O4 and tfie like, there is a method 
conrprising thernrially treating at 800'*C-900*^C a mixture of IrtNum cartxsnate with a manganese codde having an lUMn 
molar ratio adjusted accurately to 0.5 as reported in the above-mentioned article of D. Q. Wickham et al. 

In addition to the atx>ve method, tiiere are several known methods tor preparing tfie doutile oxides. For example. 
40 Japanese Patent Application Laid Open (KOKAI) Na 88-1 87569 discloses a method in which either m}20z or Mn02 is 
mixed with lithium carisonate in an l^n:IJ molar ratio of 2:1 and the mixture is calcvied in air at 650*C for 6 hours and 
subsequently at 850"C for 1 4 hours. 

Japanese Patent Applk^ation Laid Open (KOKAI) Na 91 -4445 teaches a method conprtsing the steps of aciding a 
lithium salt or salts to rMnOOH and thermally treating tine mixture. 
45 Japanese Patent Application Laid Open (KOKAI) Na 91 -67464 describes a method in which a mixture of a wan- 
ganese oxide selected from MnO^, Mn203 or Mr^04 with Rthium nitrate (UNOa) is calcined in air. 

Japanese Patent Application Laid Open (KOKAI) No. 91-127453 discloses a method in whk^h manganese dioxide 
(Mn02) and lithium nitrate (LiNQa) are mixed in an Mn:Lj molar ratio in the range of from 2.2:1 .0 to 1 .8:1 .0 and the mix- 
ture is calcined in air at a temperature in the rar^e of from 880°C to 1 000^0 to form an oxide material comprising lithium 
so and manganese. 

However, it has been difficult to obtain high perfornnance active materials for use in positive electrodes according 
to ttie prior art methods as listed alx>va 

After reviewing the prior art methods, the inventors have become aware of an inportant fact that remains unclear 
as to wNch of the physical and chemical prop^'es of LiMn204 could contritxite to optimJzation or enhancement of the 
55 performance thereof as an active material for use in a positive electrode. 

Witii reference to furtfier prior art references, H can be seen that some inproved methods for preparing lithium- 
nnanganese oxides have been proposed; as well, some of the physical arxf chemical properties of LiMn204 have been 
found to be contrbutat>le to enhancement of the perfomiance thereof as an active material for use in a positive elec- 
trode. 
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For example. Japanese Patent Application Laid Open (WDKAQ No. 88-274059 describes a non-aqueous electrolyte 
cell which comprises a negative electrode active material comprising mainly of Li, and a positive electrode active trnXe- 
rial comprising mainly of UMn204. wherein said LiMn204 shows a diffraction peak at a diffraction angle of 46.1 * when 
subjected to X-ray diffraction witti FeKa ray, said peak having a half value width of 1 . 1 " to 2.1 
5 Japanese Patent Application Laid Open (KOKAI) Na 90-139860 discloses a non-aqueous electrolyte secondary 
cell comprising a positive electrode, a lithium ion conductive non-aqueous electrolyte and a negative eiectrode of Bthium 
or a lithium alloy, wherein said positive electrode is of LiMn2Q4 having a lattice constant g of not greater than 822 ang- 
stroms. 

Lixl^n204 wherein 1.025^1 .185. and LixNAn204 wherein 0.76sx^.98 disclosed in Japanese Patent Application 

10 Laid Open (KOKAQ fstos. 90-270268 and 90-270269, re^eclively. 

Further. Japanese Patent Application Laid Open (MOKAI) Na 91-219556 describes a lithium secondary cefl having 
a negative electrode of lithium or a lithium alloy, and a positive electrode active material comprising LtMn204 which is 
in the form of primary particles having a mean diameter of 0.5 ^m or less. 

However, when the present inventors tested the various prior art lithium-manganese oxides for Iheir suitability for 

15 positive dectrode active materials of a 4 V-grade (i e., of a working voltage of about 3.5 V to 4.5 V), it was found, for 
example, that some of the oxides showed high charge and discharge capacities initiaDy, but they seriously detenorated 
vnth repeated cycles of charge and discharge, or alternatively that some other oxides showed acceptable levels off cyde 
stability txit suffered from unacceptabty low charge and disc^Yarge capacities. 

Therefore, none of the prior art lithium-manganese oxides appear to show a satisfactory level of cyde stability to 

20 be used as positive electrode active materials of lithium secondary batteries without being accompanied by unaoo^- 
ably k3w charge and discharge capacities. 

It is an obiect of the inventton to provide a novel lithiunfwnanganese oockJe which will perform fully satisfactor9y as 
an active material for the positive electrode of a Bthum secondary battery. 

it is a further object of the invention to provide a process for preparing such a rmeA lithiunvmangahese oodde. 

25 A yet further object of the invention is to provide a lithium secondary battery wherein such a novel fithiunvmanga- 
nese oodde is used as a positive electrode. 

As a result of intensive studies arxl worK it has been realized that, in order to bring out the best performance of 
lithium-manganese oxide as an active material for the positive electrode of a lithium secondary battery, not only the 
oxide shoukf be of a single phase crystal stnjcture. but also, importantly, the oxide should have a suitably balanced set 

30 of chemicai and physical constituents of particle, primary partide diameter and BET specific surface area. It has been 
also found that the powder properties of lithiunvrhanganese oxkie have a significant effect on the perfomrrance of a pos- 
itive electrode prepared therefrom, because, when used as a positive electrode active material, the oodde powder must 
be used in an intimate rrtxlure with other additives, for exanple, a conductive material, such as carix)n or graphite, a 
binder, such as polytelrafluoroethylene (PTFE). etc., rather than bang used singly. 

35 Thus, with regard to the above objects, the present invention provides a titiiium-manganese OKkle comprising U, 
Mn and O atoms in the nrolecule. which is characterized having a spinel type crystal structure, an U to Mn ratio off 
from 0.905.00 to 1 .102.00. a nr>ean oxidation number of Mn of from 3.40 to 3.60 and a BET specrfrc surface area off at 
least 1 m^/g and is further characterized in that siA>stantially all the primary parHdes thereof are less than 1 jim in size. 
The invention provides also a process for preparing such a BtNumrnianganese oodde coirprising mixing amanganese 

40 compound and a lithium compound together and thennally treating the mixture to form lithium-manganese oxide or 
oxides, said manganese compound being at least one Mn-O or Mn-O-H conpound selected from tiie group consisting 
of manganese oxides, manganese oxides hydrates, manganese hydroxides and manganese oxy oxides said mar^- 
nese conpound being of a spinel type crystal structura Further the invention provides a high performance Dthium sec- 
ondary battery in which the lithium-manganese oxide according to the invention is utilized as an active nnalerial for the 

45 positive electrode. 

The accompanying Fig. 1 shows a schematic, sectional plan of a battery assembly in which a lithium-manganese 
oxide according to the invention is employed as an active material for a positive electrode. The battery consists of a lead 
wire 1 connected with a positive electrode colledor mesh 2, a positive electrode 3. a separator 4, a negative electrode 
5. a negative electrode collector mesh 6, a lead wire 7 connected with said collector 6 and a container 8 conprising a 
50 vessel and a lid or pkig. 

The Irttiium-manganese cxide according to the present invention has a chemical compodtton and a crystal struc- 
ture which are sidistantially comrrxMi to those off the well-known littiiunrvmanganese spinel oxides, such as UMn204 and 
arty falling between LiMn204 and Li4Mn50i2. Further, the specified lithiuno-manganese oxide of the invention may con- 
tain Mn203 In an amount ttiat is little or not delectable tjy means off X-ray diffraction method. Accordingly, the present 
ss rrthium-manganese oxide is one consisting of U. Mn and 0 atoms, has a spind type crystal strudure, an Li:Mn mdar 
ratio of from 0.90:2.00 to 1.1O2.00 and an Mn average oxidation number of from 3.40 to 3.60. 

Th powder of the IHhiunrHmngariese oxide of the present invention is further characterized fri that it has a BET 
specific surface area of at least 1 n^/g and in that substantially all th primary partides thereof are less than 1 jira 

If the BET specific surface area is less than 1 m^/g, when th oodde is used as a podtive eiectrode, the material 
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tends to work-at a decreased rate of utilization and to show a low charge and discharge capacity. Preferably, the upper 
limit of the BET spectfic surface area is 10 m^/g. 

If the prinrary particles of the oxide are 1 or greater, a positive electrode tends to show a decreased charge and 
discharge capacity with repeated charge/discharge cycles. Preferably, the lower Omrt of the primary partide size is 0.01 

The lithium-nrianganese oxide according to the Invention ts nornnally present in the form of agglomerate particles 
consisting of the above primary particles. The agglomerate particles have a mean particle size in the range of 1-30 |k 
If the ag^omerate particles have a mean size outside of said range, a positive electrode prepared therefrom tends to 
show an undesirable deaease of charge and discharge capacity either initially or on repeating the charge/discharge 
10 cyda 

The aystallographic characteristics of the lithium-manganese oxide according to the present invention are that the 
oxide has a crystal structure which is Identified as a cubic spinel structure, and that, preferably, the aystal has a length 
of axis a (one of the lattice constants) of in the range of from 8.235 to 8.245 angstronre. Where the length of axis fi, one 
of the lattice constants, is outside of said range and the ratio of tetravalerrt manganese ions hfln** to trivalent manga- 
15 nese ions Mn^ present in the crystal structure is renrxite from 1 :1 , or at least some of Li. h^n and O atoms do not rest 
in their proper sites in the crystal structure. These phenomena appear to prevent the oxide materia from effectiveiy 
functioning as an active material for a positive electrode. 

Further, the cii>ic crystallites of the present oxide preferably have a cEameter in the range of 400-700 angstroms, 
vwlh the range of 500-650 angstronre espedalty prefered. The crystalline size was calculated from the data of X-ray 
20 diffraction jpeak caused by (1 1 1) planes of the crystal using the equation of Sch^rer. 

If the crystalline size unit is smaller than the above-mentioned range, the crystal structure does not grow fully and 
the resulting imperfect crystal structure will tend to render a poor performance when such an oxide is used as a positive 
electrode active material. If the crystalline ^e unit is greater than the atjove-mentioned range, the above-specified 
ranges of the powder properties including the size of the primary partide, the mean size of aggregate particles and the 
25 BET specific surface area are hardy attainable. 

It has been difficult to prepare ty conventional methods a lithium-manganese oxide having the physical and chem- 
ical properties as specified in the pwesent invention. 

In addition, the inventors have studies the tapping density of the oxide powder as a parameter indicating the pack- 
ing properties thereof. 

50 The lithium-manganese oodde of the invention preferably has a tapping density of at least 1 .7 g/cm^, more prefera- 
bly at least 1 .8 g/cm^ and particularly at least 1 .9 gfcrr?. 

If ttie tapping density is less than the above-specified value, when the oxide is used in preparation of positive elec- 
trodes, the oxide couid not be weD naxed with other materials induding a conductor agent, such as cartxm or graphite, 
and a binder, such as pdytetrafluoroethylene (PTFE). Further, such a low tappng density material m^ be packed Irl 

35 less quantity per unit volume due to the correspondirigly high bulk. 

As aforementioned, though it is difficult to obtain the lithium-manganese oodde of tiie invention by means of conven- 
tional methods, It is more difffcult to prepare, by conventional nrwthods, the present oodde that is a fine powder product 
having tiie increased tapping density as specified abova According to the invention, it is possible to prepare easily a 
littiium-manganese oxkJe fulfilUng all tiie requirements of physical and chemical properties as specified her^n. 

40 Thus, ttie present invention provides a process for preparing such a lithium-manganese oodde. wherein a manga- 
nese conpound and a lithium compound are mixed together and the resulting mixture is thermally treated to fonn a lith- 
ium-manganese oxide or ooddes. said manganese compound being at least one f*rth-0 or Mn-O-H corr^und selected 
from the group consisting of manganese ooddes. manganese oodde hydrates, manganese hydroxides and manganese 
oxy oxides, said starling manganese compound being of a spinel type crystal structure. 

45 n way be presumed that tiie high performance lithium-manganese oxkje material according to the invention could 
result from the use of the manganese compound of the spinel type crystal stajcture in which tiie oxygen atoms rest on 
the same sites as those of the oxygen atonrre in the crystal structure of the desired lithium-manganese oodde product 
Examples of the manganese oxides of spinel structure suitable for use in the invention indude Mn304 (a mineral 
named "hausemannite"); ones containing hydrogen atom or atoms in the .stmctures, e.g., Mr>304.x (OW)x. wherein 

so 0<xg4: hydrous crystallite material, Le..Mn304*nH20; and the lika 

The above-mentioned manganese oodde, Mrv304 may comnronly be pr^^ared by heating an appropriate manga- 
nese compound to a temperature of higher than about 900*C in the presence of oxygen. However, the cak:ination at 
such a raised temperature may give rise to a product having an undesirably low specific surface area and require an 
additional step of pulverization before use. 

55 A prefened nrettiod for preparing Mn304 suitable for use in the process of the invention is to prepare tiie same by 
oxidizing a manganese hydraxkla The thus resulting Mn304 product is in the form <rf finely cfivided particles and is pre- 
ferred to he used in the process for littiiunrHnanganese oxide according to the invention. Accordingly, in the process of 
the present inventioa such a spinel type manganese oxide which has been prepared by oxidizing a manganese hydrox- 
ide may be preferably used as to manganese compound starting nrwterial. 


• 
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As examples of the methods for preparing such a spinel type nr^nganese oxide, a method as disclosed In Japa- 
nese Patent Application Laid Open (KOKAI) Na 90-296732 may be mentioned; further, a niethod for produdng a finely 
divided manganes codde powder comprising dispersing a oietallic manganese powder in an aqueous medium oontain- 
ing at least one selected from the group consisting of water soluble amino adds and ammonium salts and oxidizing the 
5 manganese hydroxide formed in the dispersion so as to produce trimanganese tetroxide. Any method wheren a man- 
ganese hydroxide conrpound in an aqueous solution is o»dized to trimanganese tetroxide MnP4 t}y nr^ns of an 
appropriate oxidant or the tike may provide a spinel type manganese oxide material suhable for use in the process 
according to the invention. 

It is also possible to errploy, as a spinel type manganese compound in the present process, an oxidic manganese 
10 compound having a manganese cxidalion number x of not greater than 1 .5 where the cxidtc compound is expressed 
prcvisionaDy as MnOx. 

If the oxidation number is greater than 1 .5, then the mar^anese oxide of spinel structure codd permit the presence 
of MngOs therein such an amount that a homogeneous lithiunrHnanganese axide is diff tcuft to form when such a con- 
taminated spinel oxide is reacted with a lithium compound in the present process. TTxnjgh this has not yet been made 
75 fully dear, the spinel type manganese oxide having an oxidation number of greater than 1 .5 should not be used In the 
present process. 

The manganese compound of spinel structu-e to be used in the invention should have a spectfic surface area of at 
least 5 rr?lQ. If the specific surface area of the manganese compound is less than 5 m^/g, such a manganese com- 
pound could not react sufficiently with a IttHum compound and would give a heterogeneous product when used in the 
20 preparatk>n of IrtNunvniarigariese oxide according to the present process. 

The lithium compound suitable for use in the present invention is at least one selected from the group consisting of 
lithlufn hydroxide, lithium nitrate, lithium chloride and Gthium cart)onate. 

In addition to the above-listed lithium compounds, any other lithium compound which wSi decompose at the cald- 
nation temperature to be used may be employed in the invention. However, lithium nitrate is advantageously employed 
25 in the invention, since the desired lithium-manganese can be formed with it at a relatively low caldnation terrperature. 
Where any noxious gases, such as NOx or SQx should be prevented from discharging into environment during the cal- 
dnation stage, then Irtfiium carbonate, lithium hydroxide or lithium hydroxide hydrate may be desirably employed. 

In the process of the present invention, the manganese compound and the lithium compound as specified above 
are mixed together. The nralar ratio of Lj:Mn in the mixture ranges preferably from approximately 1.0:2.0 to approxi- 
30 mately 1 .22.0. The mixing may be effected in any marvier wrhich permits preparation of a homogeneous mixture of the 
two compounds, for example, by wet mixing or by dry mixing in a t>all mill or any suitable mixer. Alternatively, the man- 
ganese conrpound and the lithium compound may be formulated into a slun>, which is then spray-dried to give a homo- 
geneous dry mixture of tfie compounds. 

Subsequently, the mixture is subjected to thermal treatment or caldnation to give a desired lithium-fnanganese 
35 oxide product of the invention. In the case where a manganese compound in the specified range according to the inven- 
tion is employed in combination with, for example, lithium nitrate and the resulting ntixture is sut)iected to thermal treat- 
ment in ambient atmosphere, formation of the lithiunrvmanganese oxide product v«B commence at 260*C, near the 
melting point of lithium nitrate as determined by X-ray diffractometry. Thus, accord ng to the present method, it Is pos- 
sible to produce the lithium-manganese oxide at lower temperatures than in the cases where the other manganese 
40 oxides falling outside the specified range are enplcyed. Accordingly, the present invention provides a process for pre- 
paring mhium-mdnganese oxide which has t>een considerably improved from the standpoint of energy consumption. 

As above-mentioned, according to the present process, though the formation of lithium-manganese oxide may 
conrvnence at relatively low temperatures, the temperature of thenmal treatment preferably ranges from 500*C to 850**C 
to achieve the specified range of high ooddation number of Mn element in the product oxide. 
45 Alternatively and nrwre preferably, the thernnal treatment may be carried out in two stages, the mixture being treated 
at least once at a temperature of not less than SOO^C Ixit less than 500*C in the first stage and subsequently at a tem- 
perature of 500'C to SSO^C In the second stage. It is espedally preferred to subject the mixture to a further nwdng or 
disintegration operation between the f irst and second thermal treatment stages. 

Instead of the employment of such an interverting mixing operation between the two thermal treatment stages, the 
so thermal treatment or calcination may be effected conveniently in a rotary kiln in which the nwxture is thermally treated 
while t>dng tumbled. 

Qeneraliy. the thermal treatment may be wen effected in ambient atmosphere. However, an atmosphere of 
decreased oxygen concentratioa such as of N2* argon, or vacuum, may be advantageously used so as to permit the 
thermal treatment to be effected at a relatively low calcination temperature. 
55 Furtier, according to the process of the invention, it is possible to obtain a lilhiim-manganese cxide product having 
a tapping density of not less than 1 .7 g/cm^ by pressure molding the mixture of manganese compound and lithium com- 
pound prior to the thernrtat treatment 

The pressure molding may be carried out at any appropriate pressure to obtain nrtoldings. However, the pressure 
nfK)ldlng is effected oonvertiently at a pressure of at least 500 kg/cm^, especially at least 1 ton/cnt^, in order to produce 
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moldings having good form stabifity and retention properties and which are capable of beng handled easily during the 
subsequent heat treatment: said pressure molding effected at said pressure also produces a final powder product of a 
tapping density of not less than 1 .7 g/cnf . The pressure molded material may be thermally treated similarly to the pow- 
der mixture as such. If the pressure molded material Is treated at an unduly raised temperature, then the lithium tends 
to be lost, for example, escaping by evaporation or any other means, thereby causing possibly serious delations in the 
composition of the resulting product; further, this could produce primary particles of an undesirably inaeased mean 
size. Thus, preferably, the pressure molded material should be thermaHy treated at 5ao-850'C, and particularly at 650- 

eoo^c. ' 

Though also the pressure molded material may be thermally treated at least once at a tenperature of at least 
2WC but less than 500»C, mixed again, and then thermally treated at 50b-850'>C; and it is espedally preferred that the 
mixed material after the first thernrwl treatment is subsequentiy molded. 

The thus resulting lithiumnronganese oxide of spinet structure is h the lorni of agglomerates that are f irmer than 
those of the same oxide prepared by thermal treatment of an unmoWed powder mixture, but the former agglomerates 
may be dianteyated into a fine powder of spinel type lithiunvmanganese codde having excellent packing properties. 

In the invention, the thus resulting lithium-manganese oxide naterial of spinel type structure may be used as an 
active material for a positive electrode. 

In the rithium secondary battery according to the invention, either metaUic lithium or a sitetance capable of occlud- 
ing and emitting lithium ions may be used as an active material tor the negative electrode. Examples include metallic 
lithium, lithium-aluminun alloy, Bthium-tin alloy, Dthium-lead alloy and carbonaceous materials which are capable of 
being electiochemically doped with lithium ions and emitting the dopant lithiun ions. 

The electrolyte which may be used in the present lithium secondary battery is not restricted to any specific one. 
Examples of the electrolyte useful in the present battery indude a liquor containing a lithium salt dissolved in an organic 
solvent selected from, tor example, carbonates, sulfolanes. lactones, ethers and the like; or a solid electrolyte which is 
Irthtunvion-conductive. 

Accordingly, the invention provides also a high performance lithium secondary battery using the abov&<iescribed 
appropriate positive electrode active material, negative electrode active material and lithium salt-containing non-aque- 
ous electrolyte, said battery beir>g able to work at a voltage as high as approximately 3.5-4.5 V with a high discharge 
capacity as well as in a stabilized mode of charge and discharge cycles. These high performance properties have not 
been achieved by the conventional lithium secondary batteries using known lithium-manganese double oxides of si»nel 
type structures as positive dectrode active material. 

The invention wil be further described with reference to the following non-limiting Examples and Conparative 
Examples. 

Exanple 

In the Examples, various tests and measurennents were carried out as below. 
The X-rsy diffractional pattern was determined under the conditions of: 

apparatus: Model 1^XPr3"-manufactured by Material Analysis A Characterization Corp. Ltd. 

irradiated X-ray: CuKaray 

. measuring mode: step scanning 

scanning at 0.04° per second 

measuring time: three (3) seconds 

measuring range: 20 ranging from 5° to 80* 

The lattice constants were calculated by WPPF (whole powder pattern fitting) method with 26 » 15-80^ 

The crystalline size was calculated by the Schener equation. 

The chemical composition was analyzed by ICP spectrophotometry. 

The Mn element oxidation number was determined by the oxalic acid method. 

The primary partide diameter was determined on the SEM (scanning electron microscopic) image of the test spec- 
imen. 

The secondary partide diameter was detemiined in a commercially available partide size distribution analyzer 
"Microtrac' (trade mark; manufactured by Nikkiso Co. Ltd.) 

Herein, the term "mean diameter refers to "mean volume diameter". 
The BET specific surface area was deterrrtined using nitrogen ga& 
The tapping density was determined using: 

apparatus: a commercially available apparatus for measuring powder volume reduction by tapping (Model TPM-3 
manufactured ty Tsutsui Rikagaku Kikai Co., l-ld. 
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conditions: the density was measured after tapping a specimen for 60 rrvnutes at a lapping rate of 6 times per 10 
seconds. 

Rynttif>sis of nthium-manganese oxides 

5 

Example 1 

A commerdally available Mn304 having a BET specific surface area of 20 m?/g and an ooddation nunnber x=1.34 
where represented as MnOx (manufactured by Tosoh Ca. Ltd. under a trade name 'BROWNOX^ and Kthium nitrate 

10 were mixed in an Li :Mn molar ratio of 1 .025:2.0 and well ground in a rnortsif. Then the ground mixture was heated from 
room temperature to 264X over a period of 2.5 hours and held at 264^0 for a further 24 hours in a furnace. The mixture 
was rerrxjved from the furnace and allowed to cool. TTie mixture was thoroughly mixed again in a mortar and heated to 
450*'C over a period of 4.5 hours, held at 450**C for 24 hours and then allowed to cool. Further the mixture was well 
mixed in a mortar, and then heated from room temperature to esO^'C over a period of 6.5 hours and held at 650*^0 for 

15 24 hours. 

The resulting compound already showed, even at the 264*'C stage, an X-ray diffraction patte-n sfmilar to that Off 
LiMn204 of JCPDS Card 35-782. 

In the product an Li:Mn molar ratio of 1 .01 2.0 was found from the analysis thereof, and an Mn oxidation number 
was calculated to be x^t.TB, when represented as MnQx. 
so The product showed a primary particle diameter of 0.2 \xm and a secondary partide diameter of 1 6 lira 

The length of axis 3. one of the lattice con stants , was 8.242 angstroms and the crystalline size was 580 ang stro m s . 

25 An aqueous manganese nitrate solution (60 n^) of a concentration of 2 moles/dm^ was added to an aqueous lith- 
ium hydrt»dde (500 mis) of a concentration of 2 moles/dm^ under an atmosphere of nitrogen gas. The resulting rnxture 
liquid containing the thus formed manganese ftydroxide precipitate was treated with the addition of aqueous hydrogen 
peroxide, filtered, washed and then dried at ne'e to give Mn304 having a speciTic surface area of 30 m?/g. 

The fJin^p^ was mixed with lithium nitrate and thermally treated under the corxfitions similar to those used in Exam- 
30 pie 1 . The thus resulting corrpound showed an X-ray diffraction pattern simitar to that of LiMn204 of JCPDS (Joint Com- 
nrvttee on Powder Diffraction Standards) Card 35-782. 

In the compourxl. an Li:Mn molar ratio of 1 .02:2.0 was found from the analysis thereof, and an Mn oxidation number 
was calculated to be x=1.76, when represented as MnOx. 

35 Fxample 3 

With reference to the method as disclosed in Japanese Patent AppDcation Laid Open (KDKAQ No. 90-296732, 100 
g of an Mn powder passing through a 1 00 mesh sieve was added to 2 dm? of an aqueous glycine solution of a concen- 
tration of 0.25 moles/dm^ while maintaining a temperature of 50^C. With stirring. air was blown into the mixture at a rate 
40 of 2 liters per minute for a period of 6 hours. The reacted mixture was passed through a 200 mesh ^eve, filtered, 
washed with water and dried to give an Mr^04 powder having a BET specific surface area of 10 m?/g. 

This Mn304 material was mixed with lithium nitrate and thermally treated under the conditioris as described in 
Exarrple 1 . The resulting product showed an X-ray diffraction pattern sinrtilar to that of LiMn204 of XPDS Card 35-782. 
In the product, an Li:Mn molar ratio of 1.01 :2.0 was found from the analysis thereof, and an Mn oxidation number was 
45 calculated to be xb1 .74, when represented as MnOx. 

Example 4 

The procedure of Example 1 was repeated except that lithium hydroxide was used as the lithium source. 
£0 The product was simQar to that of Example 1 . The length of axis a, one of the lattice constants, was equal to 8.239 
angstroms arxi the crystalline size was found to be 570 angstroms. 

Example 5 

ss The procedure of Example 1 vras repeated except tfiat lithium carbonate was used as the lithium source. 

The product was similar to that of Example 1 . The length of axis a, one of the lattice constants, was equal to 8.240 
angstroms and the aystalSne size was found to be 580 angstroms. 
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The physical properties Including primary particle diameter, secorxiary particle diameter. BET specific surface 
area, tapping density, length of axis a (a lattice constant), and crystalline size are set forth in Talile 2. 
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Table 2 
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Assembling of battens 

Each of the lithiunrvnnanganese oxides from all the Examples and Comparative Examples was used as a positive 
40 electrode active material In a battery as shown schemattcaUy In the attached Figure. 

A lithium-manganese oxide was mixed with a commercially available conductive material (a trade name of TAB-2) 
comprising a mixture of polytetrafluoroethyfene and acetylene tDtack. The weight ratio of the oxide to the conductive 
materiEU was 2:1 . The mixture was formed into a tablet on a disc of mesh sheet (made of SUS 316 and having a diam- 
eter of 18 mm) under a pressure of 1 ton/cmi^. The tablet was vacuum-dried at 200''C for 24 hours. 
45 In the battery shown in the Figure, the above-prepared tablet was used as a positive electrode 3, the mesh fusnc- 
tioning as a collector 2. 

A negative electrode 5 was made from a lithium disc cut from a 2 mm thick lithium foil. A separator 4 was impreg-^ 
nated with an electrolyte comprising lithium hexaftuorophosphate dissolved in propylene cartxxiate solvent in a concen- 
tration of 1 moloAlm?. A negative electrode collector 6 was also prepared from the metal mesh. These components 
so were assembled into the battery having a cross-secb'onal area of 2.5 cm?, 

pvfll^ffl^fwi nf the batterlftfi 

Fifteen batteries prepared using the lithiunrbmanganese oxides from Examples 1 -8 and Comparative Examples 1 - 
65 7 were tested for perfomnance. 

The battery was sti)jected to repeated charge-discharge cycles between the upper voltage of 4.5 V and the lower 
voltage of 3.5 V at a constant current density of 1 .0 mA/cnf . 

ITie results of discharge capacity in the first cyde. retention of the discharge capacity (percentage of the discharge 
capacity in the 20th cyde to the discharge capacity in the first cycle) and tapping density are summarized in Table 3. 
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